Angular distributions have been calculated for the reactions NN -+ NN and NN -+ 2 pseudoscalar mesons by assuming the formation of an intermediate isolated state. The scattering distributions are only found to have the characteristic oscillatory shape for unnatural parity resonances whereas those for natural parity states are smooth. The annihilation distributions display an exact degeneracy with respect to the interchange of orbital and total angular momenta. For both reactions, the width of the forward and backward peak is approximately inversely proportional to the resonance spin.
I. INTRODUCTION
The spin of intermediate resonant states in two-body reactions is reflected in the angular distribution of the decay products, to an extent which depends on the channel spin multiplicities. In the simplest example of spinless particles, the resonant amplitude is proportional to the Legendre polynomial P I( cos e), where I is the relative orbital angular momentum and the spin of the resonance. In the scattering of two spin-! particles, however, in general there is interference between singlet and triplet spin states as well as between the various magnetic substates, so that the dependence on the resonance spin J is obscured. This paper considers the angular distributions for two cases of practical interest: (a) elastic scattering of two spin-! particles and (b) the production of two spinless particles from spin-! projectiles. The distributions are calculated assuming that the intermediate state is a pure two-particle state, but the effects of some possible mixing mechanisms are also discussed.
II. ANGULAR DISTRIBUTIONS
The distribution, in the centre of mass system, of polar angles e about the incident direction and proceeding through an intermediate state of spin J and definite isospin may be expressed as Wee) = L, IAmm, 12. m, m (1) The amplitudes are given by where I, I' and s, s' are the orbital angular momenta and channel spins respectively of the incident and outgoing systems, m,m' are the components of s,s', the constants Y measure the coupling strengths of the resonances to the appropriate channels, and the quantities in parentheses are Clebsch-Gordan coefficients. The dependence on the unknown coupling constants can be removed by assuming the dominance of single two-particle states in both channels so that only one term ofthe sum in equation (2) remains. 
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The singlet and triplet distributions in this case are given respectively by
(3a) and
They are listed in section (1) of Table I as series of Legendre polynomials and are displayed in Figures lea) and l(b) for J ~ 5. The distributions are dominated by the highest order Legendre polynomial P 2J and consequently display a sharp peaking at cos 8 = I which is followed by an oscillating structure. The triplet case has maxima and minima slightly shifted in phase from the maxima and zeros of IP J I 2 , and hence of the singlet distribution, and also shows secondary maxima approximately twice the height of those in the singlet distributions. If spin mixing of the resonance is accounted for, the singlet, triplet, and spin-flip (s #-s') amplitudes are added coherently and the distribution depends on the parameter R = Y~/Yi which expresses the relative strengths of the singlet and triplet channels. Figure l (c) shows that the general features of the distributions are not significantly changed except for the transition region near R = 0·3 where the structure is weakened.
(2) J = l± I F or this coupling, only triplet states are permitted and, in general, the orbital angular momenta will be equal in the in going and outgoing channels. The distributions are given in section (2) of Table 1 and Figure 2 , where it can be seen that, in contrast to the previous case, they are dominated by the polynomial P 2 and thus are quite smooth and less sharply peaked. It is also evident that the distributions are weakly grouped into (I, J) interchange pairs, such as 3p 2 (3,2) and 3D3 (2,3), in analogy to a corresponding case with exact degeneracy in the two spin-zero final state as discussed in subsection (b) below. Amplitudes calculated by allowing mixed I values (I' = I ± 2) give very similar distributions and the main effect of such interference is to weaken the pairing effect observed in Figure 2 . 
(b) Formation 0/ Spinless Particles/rom Spin-t ProJectiles
Por these reactions the intrinsic parity of the initial and final states may be the same or opposite. The former case is relevant to a few nuclear reactions (e.g. 28Si(Q(, p )31 P and the inverse reaction) and includes channel spins s = 0, 1 for the spin-t projectiles with J = I = I', giving the following (unnormalized) distributions
When the intrinsic parities of the ingoing and outgoing channels are opposite, the orbital angular momenta must differ by one unit, so that J = I' = I ± 1 and s = 1. 
The distribution is then given by
equation (5) (2) Scattering with J = / ± 1 given in section (3) of Table 1 and Figure 3 , where they are labelled by the single parameter K which is defined as the minimum value of 1 and J. The mild oscillations arise from more equally contributing Legendre polynomials than were observed in subsection (a) above. Note also the contiguous turning points in the consecutive distributions.
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III. APPLICATIONS
Resonance contributions with angular momenta I' ;;:. 1 to an experimental angular distribution will often be discernible above the background yield only by means of the strong peaking at (J = 0° and 180°. It can be seen in the figures that the width of the peak depends systematically on the angular momenta concerned, so that a measurement of the slope can be used to restrict the resonance parameters to a narrow range of possibilities. Table 2 lists the values of the angle (Jt at the half-height of the peak (that is, u«(Jt) = !umaJ for each of the three classes of reactions discussed above.
It can be seen that (Jt bears an approximate inverse proportionality to the resonance spin with the proportionality constant dependent on the reaction type. Furthermore, in the scattering case, the constant also depends independently on the parity and intrinsic spin (or G-parity for mesonic resonances) of the resonance. In principle, the level of the resonant term away from the cos (J = 1 peak, and the intensity of the oscillations there, are indicative firstly of the reaction type and secondly of the resonance spin. However, in general such parameters are immeasurable because of the background. We shall now apply the above results to observations of heavy boson resonances in nucleon-antinucleon annihilation near 1930 MeV (the so-called S region). There are no scattering data available which show peaking at 180°, while (J = 0° is totally dominated by diffraction and Coulomb scattering effects. (Although the data of Cline et al. (1968) do display an energy-dependent peaking in the backward hemisphere, the cross section does not increase monotonically to 180°, but in fact peaks at cos (J = 0·8, and thus the above analysis appears to be violated and a peak width (J t cannot be defined.)
Nicholson et aZ. (1969) have published angular distributions for the reactions pp ~ n + n -and pp ~ K + K -over a range of energies which, they claim, embraces two resonances. The above formulae are applicable only where interference is minimized, i.e. on the high and low energy extremes of the resonant region. Table 3 shows that the n+ n-case suggests spins of J = 3,4 (lower resonance) and J = 5,6 (higher resonance) in agreement with the results of Nicholson et al., while the kaon final channel data are more consistent with J = 3,4 for both resonances.
IV. CONCLUSIONS
The above results show that single resonance angular distributions for nucleonantinucleon scattering have an oscillating shape like P 2J( cos (J) only for unnatural parity states, while interference between Legendre polynomials removes the structure for natural parity states and P z( cos 8) becomes the dominant term. In the case of nuc1eon-antinuc1eon annihilations into two pseudoscalar mesons, where only unnatural parity states can be formed, the distributions are exactly degenerate with respect to interchange of I and J and, furthermore, consecutive non-degenerate distributions have opposite phase with respect to turning points.
All the distributions are peaked at 8 = 0° and 180° and the peak width, as measured by 8 t , is inversely proportional to the spin. However, the proportionality constant for N N scattering further depends on the parity and intrinsic spin of the resonance.
